
Occurrence of Macrofungi In Burned and Unburned Hurricane-Impacted

Loblolly Pine Forest1’

by

John I, MayfieldV and Dale D. Wades’

ABSTRACT

Biomass production is limited by the availability of nutrients. Because the
r.utr~ent bank of an ecosystem is fixed, the rate at which nutrients are released
from dead plant biomass is a major determinant or rorest productivity. The
errects or recurrent low-intensity prescribed fire upon the rate of decay of
large fuels are not well understood. The passage of Hurricane Hugo over the
Francis Marion Nat:onal Forest in September, 1989 superimposed an abundant supciy
of large-diameter fuels on a long-term winter burning study. We took advantage
of this opportunity to explore the relationship between various dormant-season
ruining ~nterva1s and macrofungi in this mature loblolly pine (Pinus taeda) /pond
pine (P. serotina) stand in coastal South Carolina.

Fruitina bodies (FB were sampled on three 2-acre plots, one that has been burned
annually. one burned triennially, and one unburned since the original study was
installed in 1958. Collections during March, 1991 showed a biomass ra~ge from
94 grams on the annual to 981 grams on the triennial plot. Under the influence
of the humid, hot summer, July FB biomass ranged from a low of 989 g on the
unburned plot to 11,655 g on the annual plot. Except for one rare (in our
collections) species found only on the unburned plot, over 90%- of the FB weight
of a species occurred on the burned plots. The most common species were
a~hio~orus ahietinus, H. ~roamenua, and Polyoor’is aurrulas. Coriolus
Hir~utus was the only fungi common on the burned, not collected on the unnurned
plots.

High cellulase activity is thought to be a prereauisite for nutrient cycling, and
990 activity has been associated with the abilfry of certain fungi to degrade
liono-cellulose complexes. Laboratory procedures to estimate these activities,
including problems encountered are described. Pieliminary results indicate hioh
levels of cellulase activity on the burned plots in comparison to the unburned
controls which suggest close interval prescribed fires may increase rather than
inhibit decomposition of large-diameter, sound wood on the forest floor.
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INTRODUCTION

Biomass production is limited by the availability of nutrients. Because

the nutrient bank of an ecosystem is fixed, the rate at which nutrients are

reeased from dead plant biomass is a ma~or determinant of forest productivity.

The effects of recurrent low-in ‘~‘y~~scribed fire ucon the rate of decay of

large fuels are not well understood. The pass age of Hurricane Hugo over the

Francis Marion National Forest in September, 1989 superimposed an abundant sucply

of larce-diameter fuels on a long-term winter- ruining study. We took advantage

of this opportunity to explore the relationship between various dormant-season

burning intervals and macrofungi in this mature lob olly pine (Pinus taeda) / pond

pine (P. ~~a) stand in coastal South Carolina.

Z(ATERIALS AND METHODS

Collection of FruitinQ Bodies

~hree of the 2-acre treatment plots iCko, 10 and Jb) were selected for

collections. One plot (3b) was burned triennially , cne (lc) has received annual

burns since 1964, and one (Oko) was unburned since the original study was

initiated in 1958 except for a low-intensity growing-season wildfire that burned

part of the plot during the summer of 1988 before going out. Each plot was

systematically traversed while removing samples of each fruiting body type (FBT)

from the residual wood. An estimate of the samples’ proportion of the FaT total

volume on a piece of wood was made for each fruiting body type within the

sampling cohort. This estimated value was used in the final determination of FE

biomass ( Collected biomass (gi X Volume proportion = Computed biomass) . These

data are given in Table 1.

Isolation and Maintenance of Stock Cultures

Stock cultures were established from collected fruiting bodies before the

samples were oven-dried and weighed . Once a suitable isolate was established

the fungus was maintained in culture tubes on malt extract again MEA) which

contained 25g of malt extract and 15g of agar per liter of distilled water.



These stock cultures were the source or ~noculum for Petri dish cultures t-.at

were used to make the following determinatIons.

Growth of Liquid Cultures and Mycelial Maceration

The peripheral region of cultures maintained for 6-13 days on MEA medium

were removed from Petri dishes and placed into sterile stainless steel blend~

cups contaIning 25 ml of liquid malt extract )ME medIum Fig. 1) . M’,’celia we~

then maceraced for 10 seconds and 1 ml of the maccrate was placed into ea:h - -

several 250 ml Erlenmeyer flasks that contained 25 ml of ME. Flasks were olacen

onto a rotary shaker at room temperature and agitated at 120 rpm. After 3-

oavs of incubation, culture filtrate (CFI was collected by passing through filter

paper within a vacuum funnel. To determine dry weight, mycelial pellets were

placed into aluminum weighing dishes and oven-dried to constant weight, Culture

filtrates were saved and used for protein, poll,~henol oxidase and cellulase

activity determinations,

Protein Detert~ination

The protein concentration for each CF flask was determined by usino the

Bio-Rad protein assay (Bradford, 1976)

Polynhenol 0xidas~A~±vi~y

Culture filtrate (0.2 ml) was added to 10 ml tubes containing 1.0 ml of 0.4

.m 2,6-dimethoxy phenol (U lOP) in 0.0501 citrate;onosohate buffer at Ph 4.0 or

6.0. TUe contents of the reaction tubes were read wir~-ir~ ~ spectro photometer

at 460 nm. Each reaction tube was read upon ~iix~r.g end at 10 mm :ntervals to

to 60 minutes. As controls, CF portions were bolledforJ 0 minutes prior co

mixing wIth UMOP.

Cellulase activity was determined by measuring the rate at which glucose

accumulates when carboxymerhyl cellulose (CYC) is incubated within 29> CMC (200

mg~ was placed into S ml of CF and incubated for 2 hr. The amount of gluocse was
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determined by using the Somogyi (1351) test for sugar.

RESULTS

Collection of FruitinQ Bodies

Collection during March. 1991 showed a biomass range from 94 grams on the

annual (10) tO 981 grams on the triennial (3b plot (rable 1.) . Since there was

less than a mcntn cetween tne w~nter turn of 1c and the March collection, these

data will be excluded frcm further discussi:n. We, however, tnink it is

inDortant to point out that S. commune, C. hirsutus and H. abietinuS are the only

identifiable FB collected within burned (Ic and 3b1 plots.

Table 1. Frui.ting bodies collected during March, 199r.

Plot Sample ~FST Volume Collected Computed Plot
Biomass Proportion Biomass (Total)

1 c C. hi-~sutus 0.30 13.0 43.0
UnidentifIed #9 0.20 10.1 51.0
H. abiet~nus 1.00 0.1 0.1 94.1

Ck c L. betulina 0.01 0.6 60.0
C. versicolor 0.05 1.4 28.0
Unidentified #10 0.01 1.8 180.0
S. commune 1.00 0.5 0.5
Fomes 1.00 0.8 0.8
C. versicolor 0.01 1.3 130.0
Unidentified #7 0.10 0.3 8.0
H. abiet~nus 0.02 1.3 65.0
L. betulina 0.10 7.3 78.0
C. versioclor 0.20 17.9 90.0 640.3

3 b 5, commune 0.01 0.1 10.0
C. hirsutus 0.10 4.6 46,0
H. abietinus 0.01 0.2 20.0
Unidentified #4 0,03 5.5 133.0
C. hirsutus 0.04 24.1 603.0
Unidentified #9 1.00 11.6 11,6
C. hirsutus 0.10 10.9 108.0 981.0

Computed Biomass = Collected Biomass/Volume Proportion
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FruItIng bodies collected durir.g the humid, hot summer July, 1991

are listed ~n Table 2. Three fungi ~9c2yporus rut:u~a5 (Fig. 2~,

Hirsohioporus pargamenus (Fig. 3 and Hlrsohiocorus abietinus ~;. 4.

were found within all clots and were the ma~-r i~ut ors of the toca

fruit body biomass for each plot. These three species accounted for more

than 84~ of each plot’s total biomass. Cor.olus hlrsutus (Fig. 5) wa~

muon Interest sInce :t was :nl’, :cllecced from burned clots ( 3b and Ic

W.:h the exceotion of H. abletinus, whIch had more b i cmas 5 within the

check plot Ckc~ than was cbserved w::h:n Plot 3b, there was more F3

bicmass within both burned clots than within the check piot. The

oocu~”r~ of H. ab~et~nus witn~n Ckc Is considered atypical since a

pcrc~on cc the plot had been exposco to an accid~ntal fire. Fruiting

bodies of H. abietinus were only associated with trees that were burned.

The total dry weight for all fungi within each plot is presented in Figure

6. The total biomass for the control plot Ckc was 989g as compared to

9183 and 1l,655a for plots 3b and 10, restectively.
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Table 2. Fruiting bodies collected during July, 1991.

Fungi

T

T

Total

A
B

rotal

Gut

4
48

52

Albe

13
3
3

19

Parc

28
64

92

Abie

410
4

10
280
100

18

822

Plot Ckc
Gilv Coin

2

2

Cinn Hirs Stri

2

2

Arcu N~d Tdti

221
36

880
795

3470

6402

264

264

49
740

789

36
380
120

536

Plot 3b
550

550

300
4

304

28
310

338

~

~otal

165
18

142

325

1320
•2

1322

2400
4600

140
920
350
240

40

8690

Plot ic
2

2

560
70

630

53
1
6

18

78

1

1

600
3
4

607

Gut
Pa rg
Oily
C inn
Stri
Nid

Polyporus guttulas
= Hirsohioporus paingamenus
= Polyporus gilvus
= Pyonoporus cinnabarinus
= Gleophyllum striatum
= Not identified

Albe = Pcly~orus albellus
Abie = Hirsohiocorus abietinus

Coin = Schizophyllum commune
Hirs = Coriolus hirsutus
Aincu = Polycorus arcularius
~dti = Too detertorated to 0

Growth and Enzyme Analveep

Stock cultures of H. abietinus, C. hirsutus, Diohomitus squalens and C.

versicolor were grown in liquid malt extract (ME) medium. These cultures
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were harvested within 4-6 days and theIr extracts examined for ~o:h

cellulase and polyphenol oxidase (PPO) activities (Table 3

Table 3. Values for protein, P?O activity and tellulase activity.

Fur’.gus ?rote:n ppQa CeUulase~
(mg mJi) Units Units

C. squalens 0.0052 171 28

H. abietinus 0.0159 1245 23

C. hirsutus 4 d~ 0.3070 71~ 0

C. hirsutus ~6 d) 0.0043 3424~

C. hirsutus ~ll d) 0.0070 1775C

C. versicolor 0,0043 2906~

The values are the means when n=3 or 4.
1 Unit = change of .001 CD (595 nmi mm’ per mg orotein.

b
1 Unit =1 mcl glucose 2 h

1 mg m11 protein.
o pH 6.00

PPO activities ranged from 71 units for C. hirsutus after 4 days in

culture to 2906 units for C versicolor. Intermediate values of 171 and

1245 units were recorded for C. squalens and H. abietinus respectively.

A time-course study of C. hirsutus indicated that the 990 activity reached

a peak (3424 units) at 6 days. Cellulase activity was observed in

cuAture filtrates (CF) of both C. squalens and W abietinus during the

early days (4 days) of incubation. There was no indication of cellulase

activity within CF of C. hirsutus during the same period of incubation.
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DISCUSSION

Biomass data obtained during the July, 1991 co~.lecti:n suggest that

there is a relationship between burning and fruit~ng biomass. For

example, the occurrences of 989, 8,~47 and ll,655g of fruiting biomass in

the Ckc plot, 3b plot and 10 plot, respectively, indicate that recurrent

low-intensity prescribed fire influences macrofungal biomass prcduot~ofl.

The comparatively low fruiting biomass for all plots during the March

~ ion is not surprising s:noe seasonal variations have been

previously reported (O~Halloran et al., 1987) . Unlike the July

collect ion, there was more fruiting biomass on 3b than on 10. we believe

that this relatively low biomass production on Ic is because of the short

time period (1 month) between burning and FB collection.

Coriclus hirsutus was the only FBT that was not recorded during the

July collection on the unburned plot. Polyporus guttulas and

Hirsohioporus pargamenus occurred on all plots, but produced more

biomass on burned than on unburned plots. The biomass data for these

macrofungi suggest that burning enhances their occurrence. It has been

reported that occurrence of both C. hirsutus and H. pargamenus were

significantly influenced by silvicultural treatments ( Mayfield et al.,

:990 . There are indications that the occurrence of H. abietinus is

influenced by burning. Even though fruiting biomass was relatively high

on one check plot, almost all the FB were on trees burned by a wildfire.

Future collections will include several unburned plots, as well as other

triennially and annually burned plots, some with a longleaf oine (P.

oalusoris) overstory.

The relatively high cellulase activities for both H. abietinus and D.

squalens are of interest since their occurrence seems to be influenoedby

burning. 0. squalens was not discussed in the collection data since it

was collected in July, 1992. This collection was not useful due to hea’~’

:nsect damage that made ±dentification impossible. Both macrofungi

occurred on large-diameter pine boles in burned plots.

It is possible that cellulase assay of C. hirsutus will produce
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different vaLues when conducted after 1 days. Fu;ure enrre aflaly5el

will include both culture and assay .od±ficatiofll.

The experimental design is based upon the ra;ionale that ceUulase

activity is related to decay activity or saprophycic efficiency I Ahmad and

Baker. 1987). High cellulolytic activity is considered a requisite for

nutrient recycltng. Although not clearly underutood. PPC activity has

been associated with certain fungVs abtli:y to degrade ligno-cellulcue

- complexes (Call et al.. 1993). The eff±ciency of nutrient recycling by

these fungi will consist of enzyme activity. fru±:tng body biomass and

frequency of occurrence within the p1::.

The authors wish to acknowledge the excellent technical assistance

of Linda rotten. This research is supported by USDA Forest Service

Cooperative Research Agreement No. 29-624.
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Inocul6te mycelial macerate
into 250 ml Erlenmeyer flask
containing 25 ml ME liquid medium

.

Incubate 3-12 dayS on
orbital shaker at 120 rpm
at room temperature.

Harvest mycelial pellets

with vacuum filtration.

Centrifuge

rlycelial pellets for dry
weight determinations.

Superna tant

Figure 1. Flow chart of experimental design for determining
saprophytic efficiency of certain fungi.

Biochemical Assays

Extracellular Cellulase Poli~pheno1 oxidase
protein (Bio—Rad) activity activity
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Figure 6. Total FE biomass for all rr~crofungi within
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